Background
Introduction
Depression in the elderly is a public health concern attracting worldwide attention. Ongoing research is focused on relevant biological, psychosocial, and environmental risk factors. In the past few decades, intensive efforts have been made to identify psychosocial risk factors for depression that allow modification and intervention [1] [2] [3] [4] . While medication and various types of psychotherapy are still the primary treatment options for depression in the elderly, lifestyle modification has recently received attention as a safe and low-cost option for augmenting the management of depression [5] . Among various lifestyle factors, participation in physical and social activity has attracted much research attention. Researchers have found relatively consistent and strong evidence for the efficacy of these activities in improving mood [6] [7] [8] . In addition, owing to the current emphasis on spirituality, participation in religious activity has recently attracted research attention from psychiatrists and geriatricians as a factor responsible for increasing resilience or improving mood [9] . In the present study, we investigated the association between these three promising lifestyle factors and the risk of depression in the elderly through a community-based 3-year longitudinal study in Korea.
Participation in physical activity was the first subject of our interest. A recent systematic review suggested that various types of physical activity, including elements of endurance and strength training, have a protective effect in the elderly against depression severity [10] . These activities usually include a moderate-to high-intensity exercise program, at a frequency of 3 to 5 times weekly, 30 to 50 minutes per session, for 3 to 4 months. The protective effects of physical activity involve various neurobiological mechanisms, including increased neural plasticity and neurochemical change, as well as some psychosocial mechanisms, including self-efficacy and a sense of mastery [11] [12] [13] [14] .
Participation in social activity is the second subject of our interest. According to the World Health Organization, social activity is an important component of "Active aging" [15] . Indeed, preceding research has suggested that participation in social activity, such as a neighborhood association, retired or elderly association or charitable association, alleviates depressive symptoms [16, 17] . In addition, a recent systematic review of interventions for social isolation suggests that social activity in a group format was more likely to be beneficial compared to a oneto-one format [18] . The protective effects of social activity involve various psychosocial mechanisms, including increased social support and buffering of distress [17, [19] [20] [21] .
Participation in religious activity is the third subject of our interest. This subject has recently been attracting more attention. A few studies have suggested that participating in religious activity on a regular basis is a protective factor for older adults' mental health and protects against common mental disorders, including depression. [9, [22] [23] [24] [25] [26] . However, some of these studies were based on a cross-sectional design, from which it was difficult to draw conclusions regarding causality [9, 24, 26] . A few studies based on a longitudinal design included only limited subjects, such as patients who were ill, or had insufficient numbers of subjects [22, 23, 27] . The protective effect of religious activity involves neurobiological and psychosocial mechanisms, including increased cortical thickness and resilience [28] [29] [30] . Considering the aforementioned promising protective effects of physical, social and religious activity participation, there is clearly a need for a large-scale longitudinal study involving the elderly in local communities. Additionally, the subject of the necessity for a study pursuing concrete evidence for the correlation or combination effect of these activities, rather than simple presumption, has continuously been raised [31] .
The main objective of the present study was to assess the longitudinal association between physical, social and religious activity participation and the risk of depression in the elderly. We investigated not only the effect of each type of activity, but also combinatorial effects. In contrast to preceding studies that focused mostly on the functional or qualitative aspects of a single risk factor, we quantitatively evaluated the three risk factors in combination [21, [32] [33] [34] . A balance between these two approaches would provide the theoretical foundation for development of an intervention in the area of community mental health service, to induce behavioral changes in elderly [35] .
Methods

Study sample
The Institutional Review Board at Keimyung University, which administered the survey, approved the study protocol. At baseline, participants were informed of the survey and invited to participate via telephone. Approximately 4 weeks later, trained interviewers from Hankook Research visited participants' houses and obtained written informed consent, and the full survey and questionnaire.
Participants responded to the Living Profiles of Older People Survey (LPOPS), conducted by the Ministry of Health Welfare and Family in Korea. The LPOPS was planned as a nationwide 3-year interval longitudinal survey, and was initiated in 2008. We applied the geographic and demographic information based on a two-stage stratified cluster sampling method. First, the data were stratified by seven constituent metropolitan areas and nine constituent provinces that were further stratified by urban (neighborhood) and rural area (town or township). The participants were then divided into to the 25 secondary geographic strata. The geographic stratification covered all 16 metropolitan areas or provinces in Korea. Sampling within secondary geographic strata employed auxiliary stratification indices, such as gender ratio and average age obtained from surveys to yield a representative sample.
The baseline assessment, Wave 1, was conducted in 2008, and a follow-up assessment, Wave 2, was conducted in 2011. Of the 19,007 non-institutionalized elderly aged 60 years who were invited to LPOPS, 15,146 completed the baseline assessment. The response rate of LPOPS at the baseline assessment was 79.7%. At the 3 year follow-up of the baseline participants, 902 (6.0%) of the elderly patients had died and 4,241 (28.0%) had not completed the survey due to refusal, hospitalization, institutionalization or loss of contact. This resulted in a final follow-up sample of 10,003 (66.6%). A more detailed description of the LPOPS is available elsewhere [36, 37] .
We included participants who completed both Waves and excluded those who met the following criteria: visual impairment, hearing impairment, language impairment, cognitive impairment and depression, at baseline. The exclusion process was done to remove the effect of other conditions which could have a negative influence on engagement in the activities under study. A total of 6,647 participants were included in the final analysis (Fig 1) . MMSE-KC: Korean version of the Mini Mental State Examination, SGDS-K: Korean version of the 15-item Geriatric Depression Scale.
Measures
Depression. Depression was the primary outcome of interest in our study. It was measured using the Korean version of the 15-item Geriatric Depression Scale (SGDS-K), which was introduced by Sheik and Yesavage and translated into Korean by Bae and Cho [38, 39] . SGDS-K scores range from 0 to 15 and are highly correlated with the 30-item Korean version of the Geriatric Depression Scale. A community-based study in Korea suggested that the optimal cut-off point for screening major depressive disorder was a SGDS-K score of 8 or higher, and the sensitivity and specificity of the findings was 93.6% and 76.0%, respectively. The SGDS-K had satisfactory reliability (Cronbach's alpha of 0.90) and validity [40] .
Physical activity participation. Above-moderate physical activity participation was one of our primary interests, and it was assessed with verbal questions posed by trained interviewers. Participants were asked, "How often do you participate in above-moderate physical activity in a week? This includes activities such as power walking, swimming, table tennis, badminton, stretch exercises, dancing, yoga, etc." Eight responses were available for the first question, ranging from 0 = "no physical activity" to 7 = "daily." Participants who responded with at least 1 physical activity per week were asked, "For how long do you participate in above-moderate physical activity, at once (by minute)?" Based on existing research and the distribution of responses in our study, we defined frequent above-moderate physical activity participation as 3 times a week and at least 30 minutes per activity [11, 41] . The percentage of participants who had frequent above-moderate physical activity participation was 19.8%.
Social activity participation & religious activity participation. Participation in social activity and religious activity were also among our primary interests, and these were assessed with verbal questions posed by trained interviewers. Participants were asked, "Do you participate in social activity? This includes activities such as senior center, hall for the elderly, fraternities, reunions, clan gatherings, etc." and "Do you participate in religious activity? This includes activities such as church, catholic church, temple, etc." Yes or no responses were available for the question. Participants who responded in the affirmative were asked, "How often do you participate in that activity?" Five responses were available for the second question, ranging from 1 = "once or twice a year" to 5 = "equal to or more than 4 times a week." Based on existing research and the distribution of responses in our study, we defined frequent social or religious activity participation as participation in 1 activity per week [31, 42, 43] . The percentage of subjects with frequent participation in social and religious activity was 26.4% and 25.0%, respectively.
Group classification by physical, social and religious activity participation. We subsequently classified participants into three groups based on responses to questions on participation in physical, social, and religious activities. Group A consisted of participants who responded that they did not participate in any type of physical, social or religious activity frequently. Group B consisted of participants who responded that they participated in only one type of activity frequently. Group C consisted of participants who responded that they participated in two or three types of activity frequently. As a result, 2,901 (43.6%) participants were classified into Group A, 2,826 (42.5%) participants were classified into Group B, and 920 (13.8%) participants were classified into Group C (Table 1) . Covariates.
Covariates assessed in the study were age, gender, education, quartiles of household income, smoking, alcohol intake, number of diseases (diagnosed by physician), disability, cognitive function, and baseline SGDS-K score.
Only diseases that were diagnosed by a physician were included in the number of diseases. Our questionnaire included: four cardiovascular diseases (hypertension, stroke, hyperlipidemia, and angina pectoris), two endocrine diseases (diabetes and thyroid disease), four musculoskeletal diseases (arthritis, osteoporosis, back pain, and sciatica), three pulmonary diseases (chronic obstructive pulmonary disease, asthma, and tuberculosis), three eye and ear diseases (cataracts, glaucoma, and chronic otitis media), oncologic diseases (all cancers), three gastrointestinal diseases (ulcer or gastritis, hepatitis, and liver cirrhosis), four genitourinary diseases (chronic renal failure, benign prostate hyperplasia, urinary incontinence, and sexually transmitted infection), and other diseases (anemia and chronic dermatologic disease).
Disability was measured using the Korean version of the Instrumental Activities of Daily Living scale (K-IADL). The K-IADL includes 10 questions on instrumental daily living, and scores range from 10 to 33. Lower scores indicate a higher capability of instrumental daily living. The K-IADL has satisfactory reliability (Cronbach's alpha of 0.94) and validity [44, 45] .
Cognitive function was measured with the Korean version of the Mini Mental State Examination (MMSE-KC). The MMSE-KC includes 26-items for temporal orientation, registration, recollection, concentration, calculation, language, understanding, and judgment. MMSE-KC scores range from 0 to 30. Higher scores indicate a higher level of cognitive function. A community-based study in Korea defined the cut-off point on the MMSE-KC for screening dementia as a score of 16, and the sensitivity and specificity of the findings were 76.8% and 90.0%, respectively. The MMSE-KC had satisfactory reliability (Cronbach's alpha of 0.83) and validity [46, 47] . A trained interviewer used a written questionnaire to assess other covariates.
Statistical analysis
Descriptive statistics to summarize the data and cross-tabulation to identify their distribution were performed. Categorical variables were compared using the Chi-square test for trend, and continuous variables were compared using an ANOVA for each of the groups based on activity participation. Correlation analyses between the three activities were conducted using the phi coefficient. Depression was assessed by SGDS-K score. After checking for collinearity, multiple logistic regression analysis was conducted to examine the association of activity participation and risk of depression (SGDS-K score 8) in the elderly. We built the first model with all the covariates and the three individual activities (physical, social and religious), and a second model with all the covariates and the group classification variable. The Hosmer and Lemeshow test was used to confirm goodness of fit for the logistic regression model. Unadjusted as well as adjusted odds ratios (ORs) were presented using a 95% confidence interval (CI). After that, multiple linear regression analysis was conducted to examine the association between activity participation and depressive symptoms (SGDS-K score as a continuous variable) in the elderly. A p-value < 0.05 was considered statistically significant. SPSS software, version 18.0 (SPSS Inc., Chicago, IL, USA) was used for all analyses.
Results
General characteristics of participants
The general characteristics of the participants are provided in Table 2 . Of the 6,647 participants without depression at baseline, 1,443 (21.7%) of the participants had developed depression (SGDS-K score 8) at follow-up. The age range of the total participants was 60 to 95 years, and the mean age of the participants was 69.8 years (SD = 6.1). Approximately 44.5% of the participants were men and 55.5% were women. Among the total participants, 76.5% had some form of formal education. Of these, 42.7% had elementary school level (1-6 years), 27.3% had middle to high school level (7-12 years), and 6.5% had college level (over 13 years) education. Household income was categorized into a quartile variable based on the 15,146 persons in Wave 1. Approximately 14.0% of the participants were current smokers, and 37.6% were current drinkers. The mean number of diseases was 1.8 (SD = 1.5), the mean K-IADL score was 10.4 (SD = 1.5) and the mean MMSE-KC score was 24.9 (SD = 3.2). There were statistically significant baseline group differences in age, gender, education, smoking, number of diseases, K-IADL score, MMSE-KC score, and SGDS-K score (Table 2) . Values are mean ± standard deviation (SD) or n (%). a Group A (participants who did not participate in any type of physical, social, and religious activity frequently), group B (participants who participated in only one type of activity frequently), group C (participants who participated in two or three types of activity frequently). b Analysis of variance (ANOVA) for continuous variables and x
Correlation between physical, social and religious activity participation
Correlation analyses between the three activities were conducted using the phi coefficient. Among them, participation in social activity (r = 0.024, p = 0.053) and religious activity (r = -0.011, p = 0.349) were not correlated with participation in physical activity. Only participation in social activity (r = -0.054, p < 0.001) was weakly correlated with religious activity, but its effect size was not large (Table 3) .
Longitudinal association between physical, social, and religious activity participation and risk of depression at follow-up
In the multivariable analysis, age, gender, education, household income, smoking, alcohol intake, number of diseases, K-IADL score, MMSE-KC score and SGDS-K score were regarded as covariates. Multiple logistic regression analysis was conducted to examine the association of activity participation and risk of depression (SGDS-K score 8) in the elderly. We built the first model with all the covariates and the three individual activities (physical, social, and religious activity), and a second model with all the covariates and the group classification variable.
In the first model, participants who participated in physical activity 3 times weekly (at least 30 minutes per activity) had an adjusted OR of 0.81 (95% CI, 0.69-0.96), compared to participants who did not. Participants who participated in social activity and religious activity 1 time per week had adjusted ORs of 0.87 (95% CI, 0.75-1.00) and 0.78 (95% CI, 0.67-0.90), respectively, compared to participants who did not. In the second model, participants who participated in only one type of activity frequently (Group B) and participants who participated in two or three types of activity frequently (Group C) had adjusted ORs of 0.86 (95% CI, 0.75-0.98) and 0.64 (95% CI, 0.52-0.79), respectively, compared to participants who did not participate in any type of physical, social, and religious activity frequently (Group A).
Multiple linear regression analysis was also conducted to examine the association between activity participation and depressive symptoms (SGDS-K score as a continuous variable) in the elderly, using similar approach (Table 4) .
Discussion
The results showed that participation in physical, social, and religious activity was associated with decreased risk of depression in the elderly, after adjusting for known confounding factors. The odds of depression decreased by 19% in the elderly who engaged in physical activities 3 times weekly with at least 30 minutes per activity. The odds of depression also reduced by 13% and 22% among elderly who engaged in 1 social activity and religious activity weekly, respectively. Our community-based 3-year longitudinal study suggested not only that each of the three types of activity is individually associated with a lower risk of depression, but also that the combination of two or three types of activity is associated with much lower risk of depression. The odds of depression reduced by 36% among elderly who engaged in two or three types of activity, compared with the elderly who did not participate in any type of physical, social, and religious activity.
The significance of the current study lies in the fact that it is the first comprehensive approach that has been developed, to the best of the authors' knowledge, to evaluate the protective effects of the three variables i.e., physical, social, and religious activity participation. The protective effects of these variables have been demonstrated in this study. Development of methods for reducing the risk of depression in the elderly has thus far been a critical issue in the field of community mental health service. Many researchers individually proposed different psychosocial risk factors that were considered important from their own viewpoints, and also conducted relevant intervention studies [48, 49] .
In practice, however, mental health promotion for the elderly in the community seldom targets only a single risk factor, but usually targets various risk factors of similar characteristics simultaneously. Accordingly, the necessity of research pursuing concrete evidence on the correlation or combination effect of these activities, not just presumption, has continuously been cited. In the current study, we demonstrated that the combination of two or three types of activity further reduces the risk of depression. In addition, the insignificant or negligible correlation between these three activities, which are thought to be similar and interactive, is considered an important and meaningful finding for developing a mental health promotion or intervention study. Few preceding studies have suggested similar results [26, 31, 50] . Therefore, future mental health promotion or intervention studies on physical, social, and religious activity need to be undertaken and emphasized independently, to strengthen their protective effect.
Unfortunately, the present research did not involve an intervention study design and therefore could not provide a completely satisfactory answer. In addition, consideration of diverse Table 3 . Correlation analysis between physical, social and religious activity participation (n = 6,647).
Physical activity
Social activity Religious activity Physical activity 1.000
Social activity 0.024 (0.053) 1.000
Religious activity -0.011 (0.349) -0.054 (<0.001) 1.000
Values are phi coefficient (p-value).
doi:10.1371/journal.pone.0132838.t003 Table 4 . Longitudinal association between physical, social and religious activity participation and risk of depression at follow-up (n = 6,647). variables together made it difficult to adequately explain the mechanism of the protective effects. Nevertheless, our evidence-based approach is very specific, intuitive, realizable, and relatively easy e.g., "You can reduce the risk of depression by taking part in three sessions of physical activity weekly, each session lasting more than 30 minutes, one session of social activity weekly, and one session of religious activity weekly." Intervention studies would be necessary in the future for further experimental evidence. In addition, this cut-off point should not be considered an absolute value, because other factors such as the sociocultural characteristics would also have to be considered. The study had multiple strengths. First, study subjects were from a relatively large nationwide longitudinal community-based survey in Korea. Second, adjustment was not restricted to definite or potential demographic risk factors for depression, but also to clinically important risk factors such as smoking, drinking, comorbidity, disability, cognitive decline, and baseline depressive symptoms. Finally, the present study defined intuitive and easy-to-measure independent variables and achieved positive results. The study therefore presented further evidence for planning an intervention study or public campaigns related to lifestyle factors.
Despite its strengths, our study had some limitations. First, the assessment of depression was based on a screening tool rather than a definite diagnostic measure or clinical interview by a doctor. Second, owing to the observational design of the study, unmeasured confounders may have resulted in biased outcome. Third, the physical, social, and religious participation of the study participants could not be fully confirmed through an interview, but depended on their responses to a survey. Such limitations could also lead to recall bias. Therefore, to minimize recall bias, subjects who showed cognitive decline were excluded. Fourth, the representativeness and generalizability of our study were limited. This limitation could result from selection bias, which was probably a consequence of the initial recruitment process conducted via telephone, and the application of operational inclusion and exclusion criteria for the LPOPS. In addition, insufficient consideration of regional social context, which cannot be covered by single level regression analysis, could also limit the representativeness and generalizability of this study. Fifth, insufficient information about the quality and quantity of physical activity from the self-reported non-standardized measure is another limitation that must be acknowledged. Future work is needed to attain a more specific, validated measure, such as a metabolic equivalent [51] . Sixth, the study addressed only the quantitative aspects, and not functional or qualitative aspects, of the three types of activity. Considering the variability in physical, social, and religious activities, future research requires focusing on specific details and qualitative aspects of the aforementioned lifestyles. Finally, group classification in the present study made it difficult to provide a sufficient explanation or mechanism for the combinatorial effect of activities on depression.
Conclusion
Participation in physical, social, and religious activity was associated with decreased risk of depression in the elderly. In addition, the risk of depression was much lower in the elderly who participated in two or three of the above-mentioned types of activity than that in the elderly who did not. 
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